The aim of this cross-sectional study was to assess the prevalence and characteristics of bronchial hyperresponsiveness (BHR) in 43 women cleaners (aged 26 to 57) and 37 women cooks (aged 29 to 55) and compare them with 45 controls (women office workers aged 27 to 58). The evaluation of all subjects included a questionnaire, skin prick tests to common aeroallergens, spirometry, and histamine challenge (PC20≤8 mg mL -1 ). We found higher BHR prevalence in cleaners and cooks than in office workers (30.2 % and 29.7 %, vs. 17.7 %, respectively), but statistical significance was not reached. The prevalence of mild and moderate to severe BHR was similar in all groups. Borderline BHR prevalence was significantly higher in cleaners than in controls (16.2 % vs. 6.6 %, P=0.032) whereas the difference was on the verge of significance in cooks (13.5 % vs. 6.6 %, P=0.081). Moderate to severe BHR was strongly associated with positive family history of asthma and atopy in all groups. Mild BHR was significantly associated with daily smoking in cleaners (P=0.031) and cooks (P=0.021), as well as with the duration of exposure in cleaners (P=0.038). Borderline BHR was closely related to daily smoking and duration of exposure in both cleaners and cooks. Our findings indicate an important role of workplace exposure in borderline BHR development, as well as the significant effect of smoking on mild BHR development in women cleaners and cooks.
Bronchial hyperresponsiveness (BHR) refers to an exaggerated response to a bronchoconstrictor. Bronchoconstrictors include pharmacological agents, non-isotonic aerosols, cold air, exercise, allergens and occupational sensitisers (1) .
BHR is characteristic of both asthma and chronic obstructive pulmonary disease (COPD) (2) . It appears to be associated with inflammatory disorders in the airways in both diseases. On the other hand, there is evidence that an unbalance between the sympathetic and parasympathetic system with vagal preponderance could also play a role (3) . Although BHR is not specific for asthma, nearly all patients with asthma exhibit increased responsiveness, which is more marked during symptomatic episodes (4) . BHR of lower intensity than in asthma is present in a majority of patients with mild to moderate COPD (5) .
BHR may occur in the course of other diseases, such as allergic rhinitis, atopic dermatitis, cystic fibrosis, and congestive heart failure, and its prevalence in the general population varies from 10 % to 20 %. (4) .
Results from several studies showed a higher BHR prevalence in women than in men (6) (7) (8) (9) . In some studies, sex difference was explained by the difference in airway geometry between men and women, while in other studies the prevalence of BHR remained higher in women, even after adjustment for airway calibre (6) (7) (8) . Other mechanisms responsible for higher airway susceptibility to non-specific stimuli in women include body height (adult men are taller than women), greater cholinergic irritability, and hormonal factors (9) .
A number of epidemiological studies support the view that workplace exposure to air pollutants is associated with a broad spectrum of adverse respiratory effects in vulnerable individuals (10) . There is a growing interest about the role of occupational exposure (e.g. to mineral or organic dust, gases, fumes, and vapours) in BHR development. Nevertheless, the relation between workplace exposure and BHR in women cooks and cleaners has only been investigated sporadically.
SUBJECTS AND METHODS

Study design
A cross-sectional study was carried out at the Institute of Occupational Health, Skopje -WHO Collaborative Center (IOH-WHO) from June 2004 to January 2006. The prevalence and the characteristics of BHR were evaluated in women cooks and cleaners, and compared to unexposed women who served as controls.
Subjects
The exposed groups included 80 women cooks and cleaners. The group of professional cleaners consisted of 43 women (aged 26 to 57) whose work shift was eight hours a day and their workplace exposure included a variety of high-and low-molecular weight sensitizers and irritants from a variety of cleansing agents (detergents, antiseptics, disinfectants). According to the classification of occupations by the European Community Respiratory Health Survey (ECRHS), cleaning belongs to the occupational set "Cleaners" (11) .
The group of professional cooks included 37 women (aged 29 to 55) working in restaurants and using gas appliances. Their work shift was also eight hours a day, and their workplace exposure included combustion products (NO 2 ), as well as many sensitizers and irritants of herbal (tomato, onion, garlic, etc.) and animal origin (meat, poultry, fish, etc). According to the ECRHS classification, cooking belongs to the occupational set "Other food processors".
In addition, 45 unexposed women (office workers aged 27 to 58) were studied as controls. Controls belonged to the ECRHS occupational set "Remainder professional, administrative, clerical, service".
Neither group included subjects in whom histamine challenge was contraindicated (12, 13) or subjects with the upper respiratory viral infection within three weeks before the challenge test. None of the subjects took asthma medications or antihistamines at least one month before the challenge test and skin-prick test.
Questionnaire
All subjects were interviewed by a physician who filled in the questionnaire. Respiratory symptoms in the last 12 months (cough, phlegm, dyspnoea, wheezing, and chest tightness) were documented using the European Community for Coal and Steel questionnaire (ECCS-87), and the ECRHS questionnaire (14, 15) .
Detailed smoking history, family history of asthma (taking into account the first-degree relatives), accompanying disease, and medication use were also evaluated.
Smoking was classified according to the World Health Organization (WHO) guidelines on definitions of smoking status (16) . A "daily smoker" was defined as a subject who smoked at least once a day at the time of the survey, except on days of religious fasting. In daily smokers we evaluated lifetime cigarette smoking (≤5, 6 to 10, 11 to 20, and ≥21) years and daily mean of cigarettes smoked (≤10, 11 to 20, and ≥21). An "ex-smoker" was defined as a former daily smoker who no longer smokes. Passive smoking or exposure to environmental tobacco smoke (ETS) was defined as the exposure of a person to tobacco combustion products from smoking by others (17) .
Skin prick tests
Skin prick tests (SPT) to common inhalant allergens were performed in all subjects by the IOH-WHO Allergy Center on the volar part of the forearm, using commercial allergen extracts (Torlak, Serbia and Montenegro) of birch (5000 PNU), mixed grass (5000 PNU), plantain (5000 PNU), mixed fungi (4000 PNU), Dermatophagoides pteronyssinus (3000 PNU), dog hair (4000 PNU), cat fur (4000 PNU), and mixed feathers (4000 PNU). All tests included positive (1 mg mL -1 histamine) and negative (0.9 % saline) controls. The tests were considered positive if the mean wheal diameter 20 min after allergen application was at least 3 mm larger than the size of the negative control (18) . Atopy was defined as the presence of at least one positive SPT (19) .
Spirometry
Spirometry, including measurements of forced vital capacity (FVC), forced expiratory volume in one second (FEV 1 ), FEV 1 /FVC ratio, and maximal expiratory flow at 50 %, 25 %, and 25-75 % of FVC (MEF 50 , MEF 25 , and MEF , respectively), was performed in all subjects at the IOH-WHO Department of Cardiorespiratory Functional Diagnostics using spirometer Ganshorn SanoScope LF8 (Ganshorn Medizin Electronic GmbH, Germany). We recorded the best of three reproducible measurements. The results of spirometry were expressed as percentages of predicted values set by the ECCS norms (20) .
Histamine challenge
The histamine challenge was performed in all subjects at the IOH-WHO Department of Cardiorespiratory Functional Diagnostics according to the European Respiratory Society (ERS)/American Thoracic Society (ATS) recommendations (12, 13) . Concentrations of 0.5 mg mL -1 , 1 mg mL -1 , 2 mg mL -1 , 4 mg mL -1 , and 8 mg mL -1 histamine (Torlak, Serbia and Montenegro) were prepared by dilution with buffered saline. Aerosol doses generated by Pari LC nebulizer (Pari GmbH, Germany) were inhaled through a mouthpiece. The subjects inhaled increasing concentrations of histamine using a tidal breathing method until FEV 1 fell by more than 20 % of its base value (provocative concentration 20 -PC20) or the highest concentration was reached.
According to the ATS recommendations bronchial hyperresponsiveness (BHR) was categorised as moderate to severe BHR (PC20<1.0 mg mL -1 ), mild BHR (PC20=1.0-4.0 mg mL -1 ), and borderline BHR (PC20>4.0 mg mL -1 ). The test was considered positive if PC20 was equal or less than 4 mg mL -1 (13) .
Statistical analysis
Continuous variables were expressed as mean values with standard deviation (SD) and nominal variables as numbers and percentages. The chi-square test (or Fisher's exact test where appropriate) was used for testing difference in prevalence. Spirometry measurements and PC20 values were compared using the independent-samples t-test. The chi-square test (or Fisher's exact test where appropriate) was also used for testing the association between BHR and studied variables, such as family history of asthma, atopy, baseline FEV 1 (less or more than 80 % of the predicted value), body mass index (BMI, less or more than 25), daily, ex-, and passive smoking, as well as exposure duration in the exposed workers (less or more than 10 years). Mann-Whitney U-test was used for testing the association between BHR in daily smokers and smoking experience or daily cigarette consumption. A P-value below 0.05 was considered statistically significant. Statistical analysis was performed using the Statistical Package for the Social Sciences (SPSS) version 11.0 for Windows.
RESULTS
Characteristics of the subjects enrolled in the study are given in Table 1 . Respiratory symptoms in the last 12 months were higher in the exposed workers, with a significant difference for phlegm (P=0.019; Fisher's exact test) and dyspnoea (P=0.041; Fisher's exact test) in cleaners and for phlegm in cooks (P=0.029; Fisher's exact test) ( Table 2 ).
The prevalence of atopy in cooks, cleaners, and office workers was similar (35.1 %, 32.5 %, and 29.1 %, respectively). Mite sensitisation was the most important common aeroallergen in all occupation groups (18.9 %, 20.9 %, and 17.7 %, respectively).
All mean spirometric parameters were significantly lower in the exposed workers than in controls ( Table  3) .
The prevalence of BHR was higher in cooks and cleaners than in office workers, but statistical significance was not reached (Figure 1 ). The mean PC20 was similar in all occupation groups (Figure 2 ). The prevalence of moderate to severe and mild BHR was similar in all occupation groups. The prevalence of borderline BHR was significantly higher in cleaners than in controls (16.2 % vs. 6.6 %, P=0.032; Fisher's exact test), whereas its prevalence in cooks was also higher than in controls, but not significantly (13.5 % vs. 6.6 %, P=0.081; Fisher's exact test) (Figure 3) . Moderate to severe BHR was significantly associated with family history of asthma and atopy in all groups. The association with other tested variables, such as duration of exposure in the exposed workers, baseline FEV 1 , BMI, and daily, ex-and passive smoking, was not statistically significant in any of the groups.
Mild BHR was significantly related to the baseline lung function in all groups. Positive association with atopy was detected in cooks (P=0.028; Fisher's exact test) and controls (P=0.036; Fisher's exact test). Mild BHR in cleaners was significantly related to daily smoking and duration of exposure (P=0.031; Fisher's exact test, and P=0.038; Fisher's exact test, respectively), and in cooks significant association was found with daily smoking (P=0.021; Fisher's exact test). The association with smoking experience was significant in both cleaners (P=0.024; Mann-Whitney U-test) and cooks (P=0.029; Mann-Whitney U-test), whereas the association with cigarettes smoked per day was significant in cleaners (P=0.043; MannWhitney U-test).
Borderline BHR was strongly associated with baseline FEV 1 , daily smoking, and smoking experience in all groups, as well as with exposure duration in the exposed groups. The association with cigarettes smoked per day was significant in cleaners (P=0.019; Mann-Whitney U-test).
DISCUSSION
Workplace exposure to dusts, fumes, vapours, or gases is a well-known risk factor for respiratory impairment. In a cross-sectional study including 3,044 never smokers from eight areas in Switzerland, Leuenberger et al. (21) reported that metacholine slopes were 19 % (95 % CI 6-32) higher for never smokers with workplace exposure to dusts, fumes, vapours, or gases than for unexposed controls. On the other hand, women are considered more vulnerable to BHR and lung function impairment than men (6) (7) (8) (9) .
Over the last decade, several studies have examined the effects of occupational exposure of cooks and cleaners of both sexes, producing somewhat inconsistent results (22) (23) (24) (25) . In our study, all occupation groups (cooks, cleaners, and control office workers) consisted of subjects with similar demographic characteristics. In all groups there was a large proportion of daily and passive smokers that was similar to industrial workers documented in our previous studies (26) .
We found a significantly higher prevalence for phlegm in both exposed groups and for dyspnoea in cleaners, whereas the prevalence of other symptoms (cough, wheezing, and chest tightness) was similar in all groups. Results from studies that investigated respiratory effects of similar exposure are controversial. In the Spanish contribution to the ECRHS Kogevinas et al. (11) reported a significantly higher prevalence of wheezing or whistling in cleaners than in unexposed workers. Fishwick et al. (23) reported a similar prevalence of wheezing in cleaners and unexposed workers in New Zealand. In a subsequent analysis of a combined data set from different centres included in the ECRHS, Jarvis et al. (27) reported that the association between gas cooking and respiratory symptoms in women varied considerably from centre to centre. These differences could be related to differences in cleansing agents and gas between the countries.
The prevalence of atopy and the pattern of allergic sensitisation in both exposed and unexposed subjects was comparable to what we observed earlier among adults in Macedonia (28) . Spirometric parameters were lower in the exposed workers, confirming that exposure to dusts, fumes, vapours, or gases is associated with chronic airflow obstruction, predominantly affecting the smaller airways (29) . @u{kin et al. (30) and Wang et al. (31) reported similar findings in studies with exposed women workers (latex glove manufacturers and cotton textile workers). Jarvis et al. (32) reported that women who used gas cookers had an increased risk of lower lung function (FEV 1 and FEV 1 /FVC) than women not using gas cookers, whereas no such association was found in men. We found a higher prevalence of BHR detected by histamine challenge (PC20≤8 mg mL -1 ) in cooks and cleaners, but it was not statistically significant. Fishwick et al. (23) reported a similar prevalence of BHR (detected by metacholine challenge, cumulative dose of 1 g) in cleaners of both sexes compared to unexposed subjects (OR=0.62 95 % CI 0.19 to 2.05). The prevalence of moderate to severe and mild BHR was similar in all groups in our study. Borderline BHR prevalence was higher in the exposed women, with statistical significance in cleaners, confirming the findings of Dimich-Ward et al. (33) that workplace exposure to dusts, fumes, vapours, and gases may lead to the development of chronic airway obstruction independent of cigarette smoking and specific exposure effects such as asthma, hypersensitivity pneumonitis or pneumoconiosis.
Moderate to severe BHR, which is common in chronic inflammation in asthmatic airways, was closely related to family history of asthma and atopy in all groups, confirming its role in asthma development (34) .
The results from the studies that have analysed the association between BHR and smoking are controversial. Some found daily smoking to be independent of BHR (6, 35) others, such as Sunyer et al. (36) , found that smoking was associated with BHR only in non-atopic subjects, while Leynaert et al. (7) reported that heavy smoking women had an increased risk of mild to moderate BHR, but no such association was found in men. A 10 year follow-up carried out in the US on a large sample of women (74,072) showed that daily smokers had a lower risk of developing asthma than never-and ex-smokers (37) . On the other hand, Janson et al. (22) and Paoletti et al. (9) indicated that daily smoking may have different importance in different BHR categories. We found no association between moderate to severe BHR and daily smoking, but the association between mild BHR and daily smoking was significant in the exposed groups and non-significant in office workers. The association between borderline BHR and daily smoking was significant in all groups. Paoletti et al. (9) suggest that women exhibit a dose-response relationship between daily cigarette consumption and BHR; a result not observed in men. This study shows a significant association between mild and borderline BHR and daily cigarette consumption.
Finally, we found a non-significant association of exposure duration with moderate to severe BHR, significant association with mild BHR in cleaners, and significant association with borderline BHR in both exposed groups. The significant association between daily smoking and mild BHR observed in the exposed groups and no such association in office workers suggests that workplace exposure and smoking additively contribute to the development of mild BHR and lung function impairment, but we have found no confirmation of this in literature. Studying male farming students, Omland et al. (38) reported additional effect of exposure to farming and daily smoking in BHR development. In contrast, Zock et al. (39) reported a non-significant association in young adults of both sexes with workplace exposure to dust, vapours, gases or fumes in 14 industrialised countries. However, respiratory effects of the tobacco smoke may vary in subjects with different exposures at workplace.
The limitation of our study is a relatively small number of subjects, which may has certain implications about the data obtained and their interpretation. Furthermore, as we did not perform environmental measurements at the workplaces, we could not document the level of exposure and estimate its association with BHR. At the time of the study, we also did not have standardised workplace allergens for the exposed groups to establish sensitisation and their association with BHR.
In conclusion, we found higher BHR prevalence in women cooks and cleaners, but statistical significance was not reached. The prevalence of mild and moderate to strong BHR was similar in all groups, while borderline BHR was more frequent in the exposed workers, with statistical significance for cleaners. Moderate to severe BHR was significantly associated with family history of asthma and atopy in all groups. Mild BHR was significantly associated with exposure duration in cleaners, and with daily smoking in both cooks and cleaners. Borderline BHR was significantly associated with exposure duration and daily smoking in both exposed groups. Our study confirms the need for regular medical examination in order to identify affected workers and institute preventive measures. It also underlines the need for more effective tobacco control measures that will prevent respiratory adverse effects produced by combined tobacco smoke and workplace exposure.
